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Abstract 
Data was subject to a historical evolution from number to big data. Since the birth of number, data bear its 
innate characteristics as a kind of instrumental tools. In the course of the evolution of data, it comes two 
revolutions. The first data revolution happened when the modern science was emerged, where the fusion of 
data and scientific research was realized, advancing the occurrence of scientific revolution. The second data 
revolution occurred when big data plays a crucial role, which not only is changing the paradigm of scientific 
research, facilitating the quantitative study of social science, but also gives rise to a huge transformation in all 
social areas such as economy, society, military, and so on. To probe data microscopically from the perspective 
of philosophy of science and technology, different from the logical positivism or falsificationism, we propose 
that data should be in a position as equally important as theory, observation and phenomenon, forming a 
quaternion theory of "data-theory-observation-phenomenon". The general features and the philosophical basis 
of data are also addressed. 
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1. Introduction 
An important symbol in the era of big data is that the data is always accompanied with our life. Data not 
only becomes the basis of almost all disciplines involved, affects the change of scientific research paradigm, 
but also closely connects with all life and the environment of human beings. Data has become a kind of an 
unavoidable and inseparable language code. 
In the 19th century, in order to tame the contingency of a great amount of data acquired from such as 
census data, the statistical methods were invented. But, with the rapid advance of human beings and society, 
more and more huge, diverse and complex data were produced, making the traditional statistical methods be 
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unbearable. At the end of the 20th century, with the rapid development of the genome sequencing technology 
in biology, a large number of biological data have been accumulated. How to understand these huge data has 
become a new challenge. The same issue on data has spread to various disciplines, such as the research of 
cosmic astronomy, the probe of microscopic elementary particles, and the study of complex systems such as 
meteorology and sociology research, etc. The generation and application of big data is the result of the rapid 
development of modern technology, where the technologies like computer, network, communication, and so 
forth, provide strong technical supports, while the technologies like visualization, data mining, etc. make the 
data processing and utilization more feasible. 
In the 21st century, taking a large number of observed and measured data as the research object, through 
mining, extraction methods, etc., people have been making effort to seek the inherent law of the data under 
study, establishing a new discipline, the so-called data science. Now we face the complexion that the data-
driven scientific method has become those supplemented to the traditional hypothesis-driven scientific methods, 
where such an evolution is along with the transform of scientific paradigm from reductionism (simplism) to the 
complex systematic science, not only greatly changing the paradigm of study for natural sciences, but also 
having the same impact on technological, social and economic sciences. 
In the face of big data, while people are enjoying the change what it brings us, the nature and general law of 
big data has yet to be further explored. At the same time, the use of big data also brought some ethical issues, 
such as property rights, privacy and others. All these provide topics for the philosophical research on data. This 
article is just intended to discuss some basic issues on data and big data from the philosophical perspective. 
2. Data 
The concept of data was gradually developed from number and quantity on the basis of the naive 
requirements such as to determine how many things, how fast the moving speeds of objects, etc. when human 
beings were acquainting with their surroundings, resisting and guarding against the external invasion on life, 
which was eventually evolving to the most basic and globally wide used language beyond geography and 
ethnics. Starting as early as from the number sense (or approximate number system) in ancient times, people 
have been taking the data as a language tool to use. There are philosophers, such as Pythagoras school of 
thought who proposed "Everything is from number", and counted number as the ultimate source of all things, 
which promoted essentially the birth and development of mathematics, but the instrumental characteristics of 
data was always the epistemological basis of the data utilization [1]. 
Data is usually understood as numbers and information that can be able to reflect objective facts. The 
connotation of data includes: (i) the symbolic representation of objective things, which is used to express the 
unprocessed raw material of objective things, such as graphics, digit, letter, etc.; (ii) the facts and concepts that 
were obtained through the physical observation, which is the objective description about the places, events, 
other objects or concepts in the real world; (iii) the representation of the objective object, which is also the 
expression of information, while information is the meaning of the connotation of data, and is the content and 
the interpretation of data; (iv) the format often associated with computer systems, which changes with different 
physical devices. Philosophically, it is believed that data is the characterization of things and phenomenon, and 
the phenomenon of things can be learned only by data. 
In fact, data is also the class that is composed of number class and unit class featuring the attributes of 
objects or things. The number class is the abstract number symbols, which includes numbers that can be 
converted digitally into a map, table, text, or conventional numbers. The unit class represents the properties and 
characteristics of things, linked to the specific things. Data usually has the following types, observational data, 
experimental data, theoretical data, simulated data, statistical data, and big data. The data collection, modeling 
and analysis, as well as problem solving and decision making, constitute the central content of data science, 
which are closely associated with scientific methods, mathematical logic, statistical analysis, high performance 
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computing, data engineering, visualization, communication, and data security, etc. With the development of 
science and technology, the status and role of data are subject to two revolutionary changes. 
3. The first data revolution: fusion of data and scientific research 
The first data revolution refers to that at the birth of modern science, the fundamental status and role of data 
in scientific research were established, realizing the fusion between data and scientific research, and leading to 
the occurrence of modern science revolution [2]. With the advancement of modern science and technology, the 
form and connotation of data are also changing and developing, while in addition to the observational data, the 
experimental data, theoretical data, simulated data, statistical data, and digitized graph, table, text, etc. are also 
important ingredients of data. 
The root cause of the first data revolution is that, modern scientific research paradigm endows the accurate 
demands on the research process and the obtained results. The epistemological point of view, "The world is 
written by the language of mathematics", thought the data to be the gist of scientific understanding process and 
the accumulation of scientific knowledge. Modern science has formed a complete set of research paradigm. 
Such kind of research paradigm includes the mathematical and physical methods from the mathematization of 
science, and the experimental methods from empirical studies as the purpose, where data was always in the 
basic position in mathematical physical method and experimental method. The accurate research was primarily 
achieved through the use of data. 
The mathematization of science enabled a unified representation of the quality and quantity that originally 
belong to different categories by data, realizing the commensurability of data within their respective disciplines. 
The acquisition and use of data have become the focus of scientists, where the acquisition of data is with might 
doubled owing to the rapid progress of science and technology especially the scientific instruments. Modern 
scientific research paradigm established the fundamental status of data, which was gradually strengthened. 
4. The second data revolution: emergence of big data 
The second data revolution refers to the generation and use of big data in the 21st century. The emergence of 
big data makes people ought to consider how to deal with the huge amounts of data and information that cannot 
be treated by the traditional methods such as statistical methods. Not only that, people also realized that big 
data itself might contain general law and knowledge that can be gained through technical means like data 
mining, etc. Of more importance is that through the analysis of big data, the changing trend of large events, 
which, previously, was only summing up after the occurrence of the event, can now be predicted. Big data has 
the following four features: (i) volume (the huge amount of data); (ii) variety (the diverse and complex 
characters); (iii) velocity (the generating speed is fast and rapid); and (iv) value (the economic and scientific 
values). 
Compared with the first data revolution, the second is comprehensive [2]. It not only changes the scientific 
research paradigm, and provides a quantitative research method for social science, but also will lead to a great 
transformation in social sciences such as economy, society, military, etc. For natural sciences, big data also 
transformed the traditional research paradigm. Through remote sensing device, sensor, computer, or simulation 
to collect intensive data, and through the processing of computer software, the information and knowledge that 
generated from these intensive data are stored in computer systems, which scientists, in the background and 
applying the methods of data management and statistics, process, analyze, and finally obtain novel knowledge. 
It becomes a kind of scientific research method. This is what the so-called Gray's fourth scientific paradigm [3]. 
Big data may lead to the revolution of social science research, potentially making the social science to be an 
empirical science like natural science, in the sense that the quantitative research is possible, making the social 
science farewell the pool of "pseudoscience" and become a member of the science hall. For instance, it was 
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found that big data plays an important role in the sociological study of extremely complex behaviors of human 
beings. By means of the data from the internet, the real behaviors of a large number of individuals or small 
groups were recorded in the form of data by computer, and these data provide extremely abundant and reliable 
information for the study of human behaviors, avoiding the bias of cognitive, the error of perception and the 
ambiguity of framework of researchers. Therefore, big data breaks through the research boundary between the 
natural science and social science, establishing the commensurability of data, and bridging the resource sharing 
of different disciplines via data. 
The significant impact of big data on economy, society and human daily life, is not confined to the technical 
level, but also for management philosophy, operating ways, etc. "Data-driven social management" is a new 
type of management mode implemented in the social management. For both governmental and non-
governmental organizations, data collection and analysis have become the basic requirement for the grass-roots 
level management departments. According to the results of data analysis, the policy, laws and regulations can 
be made, and the social management is engaged from the punishment after the appearance of events to the 
precaution before the beginning of events. Big data also plays crucial roles in health care, public security, smart 
city construction, prevention and alert terrorism, national defense, and the governance of social corruption, etc. 
Business intelligence already develops from data to knowledge, and the "decision support system" takes 
undoubtedly the data and information as the main source. There are other examples. In a word, regardless of 
"data-driven social management" or "decision support system”, the acquisition and mining of data are so 
significant that people can provide technical support for policies, laws and decisions in the background to carry 
on the means such as analysis, modeling, and even the use of cloud computing, etc. 
Compared with the traditional data, the resource character of big data is dramatically outstanding, which can 
be viewed as equally important as energy and materials resources. In the course of the evolution of knowledge, 
data is not only the basis on which the information, knowledge and wisdom are produced, but also implied in 
them. At the age of information, the biggest issue is not the lack of information, but is a matter of information 
desolateness (or lonely island), which can possibly be overcome by implementing the big data sharing and 
standard management. 
Under the support of mobile internet, cloud computing and other technologies, big data develops so fast, and 
the analyzing technologies on data are being innovated, resulting in the emergence of the second data 
revolution. However, big data, as with any new technology, while promoting the remarkable change of society, 
may also cause the social risks such as the individual privacy, the objectivity and accuracy of the data, the 
abuse of big data, etc., which may spread over the areas like scientific research, social management,  health 
care, business intelligence, and many other fields. 
Big data, similar to human beings and the nature, exhibits unascertainty, diversity, complexity and regularity. 
With the change of external environment and time, big data is becoming more and more complex in the content 
and form, showing its characteristics of diversity and complexity, but still has its own dynamic behavior 
characteristics, regularity and logicality. Big data is different from other technologies lies in its virtual character. 
The concealment and permeability of such a virtual feature can be more unprecedented, which could bring 
about significant positive or negative impact on small to personal, big to the country, and even to the whole 
world. Hence, it is extremely essential to reflect big data deeply from ethics and philosophy. 
The general features of big data, among others, might include: big data exists objectively, and has an 
essential difference from the conventional data; big data has its own internal structure, mechanism and 
changing behaviors; big data has the properties of causality, correlation, mining and rediscovery; big data 
contains a wealth of information and knowledge, exhibiting the resource character; big data has the virtuality, 
thereby containing the potential risk; and so on. It is the objective existence and the value of big data that 
primarily motivate human to explore, develop and use it in various aspects. Big data provides a new way and 
method for the recognition of the law and rules of the development of things. 
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5. Quaternion of data-theory-observation-phenomenon 
As opposed to the macroscopic epic study with a science historic angle of view, it is also very necessary to 
probe data microscopically from the perspective of philosophy of science and technology. The two basic 
schools in philosophy of science, the logical positivism and the falsificationism, when interpreting the nature of 
science, both took the view that science is a kind of organized activities as the most important epistemological 
basis. The logical positivism emphasizes the inductive process of science, while the falsificationism 
emphasizes more on the demarcation criteria between science and non-science. Whatever the inductive process 
or the demarcation criteria, the data gained from scientific research played a major role. So to speak, the logical 
positivism and the falsificationism both put the relationship between theory and data into the core of science. 
On the other hand, either the logical positivism or falsificationism, concern the basic issues from observation 
to theory, constituting the traditional dualism of “observation-theory”. Logical positivism views data as the 
middle facts of the process from experience to theory; falsificationism regards data as the examination of the 
theory; and the analytic philosophy has different views on the issue whether data is objective. In 1988, J. Bogen 
and J. Woodward [4, 5] proposed a trilism of "theory-observation-phenomenon", pointing out the distinction 
and connection between the phenomenon and data, in which, however, data appear in a subsidiary position.  
As data plays a vital role in nature, we pointed out that data should be in a position as equally important as 
theory, observation and phenomenon, proposing a theory of quaternion of "data-theory-observation-
phenomenon” (DTOP) model [6]. Through analyzing the interactions between these four ingredients, we raise a 
point of view that "theory comes from data, while data interacts with theory". The meaning of "data interacts 
with theory" is that theory and hypothesis affect the acquisition and precision of data, therefore posing 
challenges to the objectivity of data. We believe that the subjective intervention measurement may be the 
fundamental cause that can affect the objectivity and accuracy of data. The extent of "data interacts with 
theory" depends on the nature of different disciplines, and in the discipline with high precision such as physics, 
the influence of theory on data is the most. From the generating dimension of scientific data, the role of 
infiltration of theory on the raw data, derivative data and knowledge data is, in turn, enhanced. Certainly, data 
can be invoked to judge, falsify, or confirm theory. 
Similar to observation, data also has the characteristics of the subjective involvement, giving rise to a 
difference from realistic data, probably leading to errors. Theory can predict a phenomenon, but cannot forecast 
data, while data can characterize the phenomenon. The data in complex phenomena need to be stripped layer by 
layer so that the data characterizing the natural phenomena can be looked for. Moreover, to inspect the nature 
of things, one needs to understand the phenomenon through data. The observation is the means and method to 
acquire data, while the subjective involvement of a researcher on data poses the suspicion on the objectivity of 
data, and also, theory and cognitive process are all the influence factors of the subjective involvement. 
According to the DTOP model, data has a non-reality property, which may be caused by the subjective 
involvement, the infiltration of theory, and the artificial alternatives on data. The objectivity and accuracy of 
data are the factors that affect if a theory is true. 
Data becomes the necessary basis of the information, knowledge and wisdom, and penetrates into them, 
forming to a system of “data, information, knowledge and wisdom (DIKW)”. The number in the data is very 
abstract, and only when adding background, and transforming the number into a quantity with a specific 
meaning, the data is capable of turning into the valuable information. Therefore, from data to information it is 
necessary to clean up the data, which is the central task of data mining. Only from information can rules and 
laws be refined to generate knowledge, while the refining process is composed of the induction, deduction, and 
so on. Under the framework of DIKW system, according to the process of scientific research, from the 
acquisition of raw data, to the production of derived data, and until the formation of knowledge data, the 
general course to form data and their roles can be addressed. 
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6. Concluding remarks and outlook 
Data comes from the results of human’s cognitive activity, which is the subjective reflection of the objective 
things, and is a logical language for characterizing the phenomena of things. Data is not only the quantitative 
representation of things, but also the gist for understanding things. Data is a part of the language. The highly 
unified form of data exceeds all text language, which is closely related to its simplicity and accuracy, and is 
more conducive to communication. Data origins from the observation and measurements, demonstrating the 
intrinsic features of things, whose objectivity is still under the influence of human subjective factors, and this 
property is accompanied with data even from the birth of number. Data is, as it were, a bond to connect the 
objectivity of things and the subjectivity of human things, and also is a bridge for human beings to 
acknowledge the world. Big data emerges with the rapid progress of computing method and information 
technology, and has become important resources of analysis, management, and decision making, etc. in many 
areas. Big data is a new paradigm to discover knowledge, create knowledge and understand the world. The 
importance of data is undisputed, and data is ubiquitous around us, which is just reflecting a return of the 
ontological thought of “Everything is from number”. Besides, in analogy with the value of science, the value of 
data requires that the persons who are manipulating and managing data should undertake the responsibility in 
the use, sharing, operation and management of data. 
When data has been an integral part of human beings, the philosophical reflections on data is very necessary 
[1]. The main framework of philosophy of data should be to clarify the nature and general law and rules of data 
as well as the philosophical problems occurring in the use of data, etc. The historical evolution, the ontology, 
the epistemology, the methodology, the factuality, the ethics, the sociology of data, etc., will comprise an 
important part of the philosophy of data. The study on the philosophy of data will involve multiple disciplines 
such as the history of science and technology, the natural philosophy, the philosophy of science, the philosophy 
of technology, the philosophy of engineering, the cognitive science, and the sociology, methodology, ethics of 
science and technology, the economics of technology, psychology, and relevant natural sciences, etc., which 
display the typical characteristics of interdisciplinary sciences. 
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